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continue therapy with cholestyramine after many

years of administration.
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ACUTE CYANIDE POISONING occurs relatively in-
frequently.' With the increasing use of amygdalin
(commonly known as Laetrile) and other cyano-
genic glycosides for alternative cancer therapy,
accidental cyanide poisoning may become more

common. Because of its rapid onset and the
highly lethal nature of cyanide, many patients die
before getting medical care.' Unfortunately, even

when patients do obtain medical care the correct
diagnosis is often delayed until well into their
hospital course.2'3 In reporting a case of cyanide
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poisoning, Graham and colleagues2 noted the
paucity of cases in which cyanide blood levels had
been reported. They further questioned the effi-
cacy and safety of the traditional therapy of
intravenous sodium nitrite and sodium thiosulfate.
We have recently treated a severe case of cyanide
poisoning in which cyanide blood levels and the
response to therapy were well documented.

Report of a Case
A 67-year-old woman weighing 60 kg (132

lb) was diagnosed as having carcinoma of the
large bowel a year before the hospital admission
described in this report. The tumor was judged to
be resectable, but the patient refused either sur-

gical therapy or consideration of chemotherapy.
Eight months before admission to hospital, for a

two-month period she self-administered injectable
Laetrile purchased in Mexico. Subsequently, be-
cause of the expense of the injectable form, the
patient switched to Laetrile tablets. The tablets
were taken erratically but probably on an average

of every other day over the next six months. Two
weeks before the onset of her present illness, the
patient was given a bag of bitter almonds by a

friend, allegedly to help increase her "protein
intake" and also for "medicinal purposes." Initi-
ally she ground up four to five bitter almonds and
mixed them with water. Approximately 30 to 45
minutes after ingestion of the mixture, she became
light-headed, and had nausea and vomiting with
crampy abdominal pains. The symptoms subsided
over the course of the evening and she felt well
the next morning. On the night of admission she
again made a slurry of water with 12 bitter
almonds. She experienced a severe bout of crampy
abdominal pain within 15 minutes after ingestion.
The patient went into her bathroom and collapsed.
Her daughter quickly called for an ambulance and
en route to the hospital, a blood sample was taken
and naloxone hydrochloride and 50 percent dex-
trose solution were administered, but failed to

produce a response.
On arrival in the emergency room, the patient
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ABBREVIATIONS USED IN TEXT

A-ao2= alveolar-arterial difference in oxygen
CVP=central venous pressure
Flo2=fraction of inspired oxygen
PCWP=pulmonary capillary wedge pressure
Qs/Qt=right-to-left intrapulmonary shunt
SEM =standard error of the mean
T/2 = cyanide half-life in blood
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TABLE 1.-Blood Gas Measurements Following Cyanide Ingestion and Treatment With
Sodium Nitrite and Sodium Thiosulfate

Duration From Time of Arterial Blood Gas Serum
Nitrite and Thiosulfate Pao2 Paco2 Lactate A-ao2 PCWP CVP Qs/Qt

Treatment FIo2 % mm Hg mm Hg pH mEq/L mm Hg mm Hg cm H20 %

-18 min ................ 21 71 13 7.34 14.3 63
0min ................ 6 liters 56 25 7.17 .. ..

(mask)
23mmin ................ 50 63 19 7.41 .. 270

(intubated)
1 hr . ............... 100 262 32 7.35 .. 411
5 hr 25 min ................ .100 257 30 7.47 1.7 419 10 10
7 hr 25 min ................ .100 203 25 7.56 .. 479
7 hr 25 min ................ 39 30 7.52 .. .. .. 12 40
(mixed venous)

9 hr 35min .60 102 22 7.59 1.0 298 .. 8
9hr 35min .37 25 7.57 .. .. .. .. 30
(mixed venous)

11 hr 25min .60 194 25 7.53 .9 203
18 hrs 21 56 35 7.49 1.0 50

(extubated)
36 hrs ................ 21 106 30 7.45 .. 7
A-ao2 = alveolar-arterial difference in oxygen; PCWP = pulmonary capillary wedge pressure; Qs/Qt = right-to-left intrapulmonary shunt;
CVP=central venous pressure; Fin2=fraction of inspired oxygen.

was totally unresponsive to verbal command or
painful stimuli and was incontinent of stool. The
odor of bitter almonds was detected by some
observers. Her blood pressure was 138/90 mm
of mercury, pulse was 128 per minute and respira-
tions were 20 per minute and deep. Oxygen was
administered by mask and one ampule of amyl
nitrite was given per inhalation. Sodium nitrite
(300 mg) and then 12.5 grams of sodium thiosul-
fate (cyanide treatment kit, Eli Lilly Co.) were
given intravenously. The patient was intubated
for airway protection and oxygenation. Using a
large-bore tube, her stomach was lavaged until
it returned clear fluid. An initial gastric lavage
specimen was sent to the laboratory for qualita-
tive analysis and a later report showed it to be
4 + positive for the presence of cyanide. A cathar-
tic of 48 grams of sodium biphosphate and 18
grams of sodium phosphate per dl (Fleet's Phos-
pho-Soda) and 30 grams of activated charcoal
were administered through the gastric tube. Within
20 minutes of receiving the cyanide antidote, the
patient became alert and responded appropriately
to verbal commands. A Swan-Ganz catheter was
inserted and she was monitored for the next 24
hours in the intensive care unit and treated with
mechanical ventilation. On x-ray studies of the
chest transient bilateral pulmonary infiltrates as-
sociated with hypoxic respiratory failure were
seen. Her pulmonary status improved concomitant
with clearing of her chest on roentgenogram and
she was extubated after 18 hours.
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Figure 1.-Blood cyanide levels and percentage of
methemoglobin are plotted against time following initia-
tion of amyl nitrite, sodium nitrite and sodium thiosul-
fate treatment. The first blood specimen for cyanide
level determination was drawn 20 minutes (time 0)
before treatment began.

Table 1 shows arterial blood gas determina-
tions, serum lactate levels, and the alveolar-arterial
difference of oxygen (A-ao2), pulmonary capil-
lary wedge pressure (Pcwp), central venous pres-
sure (cvp) and right-to-left intrapulmonary shunt
(Qs/Qt) obtained during her hospital stay. Cya-
nide and methemoglobin levels before and after
treatment are displayed in Figure 1.
The remaining Laetrile tablets and bitter al-

monds were analyzed by Dr. Eric Conn, Depart-
ment of Biochemistry, University of California at
Davis. The Laetrile tablets weighed approximately
250 mg with an average amygdalin content (6
percent cyanide)4 of 11.5 mg (±0.4 standard
error of the mean [SEMI). The average weight of
the bitter almonds was 1.32 grams (N =5, ± 0.04
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SEM). The average cyanide content was 6.2 mg
per each bitter almond (N=5, +0.3 SEM) or
approximately 469 mg per 100 grams of bitter
almonds.

Discussion
This is a case of severe cyanide intoxica-

tion after bitter-almond ingestion, complicated
by lactic acidosis and pulmonary edema, that
dramatically responded to aggressive supportive
care and treatment with sodium nitrite and sodium
thiosulfate. Graham and his colleagues2 recently
described another case of cyanide poisoning as-
sociated with lactic acidosis and pulmonary
edema. They felt the level of lactic acidosis cor-
related with the severity of cyanide poison and
could be explained by the histotoxic hypoxia
associated with the cyanide poisoning. Our patient
had an initial serum lactate level of 14.3 mEq per
liter, which fell with therapy to a level of 1.7 mEq
per liter, suggesting a substantial degree of cyanide
poisoning. Further, Graham and co-workers spec-
ulated on several possible causes for the pulmo-
nary edema but concluded that the toxic effect of
potassium cyanide on the myocardium would
lead to cardiac failure and high-pressure pulmonary
edema. We measured PCWP in our patient and
found no evidence- of increased left ventricular
filling pressures. Berlin5 has suggested a central
neurogenic mechanism in the previously reported
case of cyanide-induced pulmonary edema. Initi-
ally our patient had an A-ao2 of 63 mm of
mercury, which subsequently rose to 270 mm of
mercury on 50 percent fraction of inspired oxygen
(FIo2). Her inital Qs/Qt was 40 percent with a
PCWP of 10 mm of mercury. We believe our pa-
tient had pulmonary edema from altered capillary
permeability. This may be the result of the toxic
effect of cyanide directly on capillary endothelium
or an indirect neurogenic effect leading to in-
creased pulmonary capillary permeability.6

Morse and associates7 have warned that with
the increasing publicity about Laetrile, consump-
tion of cyanogenic glycoside-containing seeds as
a substitute may increase. Cyanogenic glycosides
have been found in approximately 150 plant
species. Amygdalin, probably the best known of
the cyanogenic glycosides, was first isolated from
the seeds of the bitter almond.9 Amygdalin is also
present in the kernels of stone fruits such as
apricots, cherries and plums.8'9'12 The cyanogenic
glycoside content within a particular type of plant
may vary. Several investigators have suggested

that the cyanide content of apricot pits is affected
by soil conditions, watering practices and when
the fruit was harvested.8""'2 The toxicity of
amygdalin is directly attributable to the release
of hydrogen cyanide. This release of cyanide oc-
curs by mild acid hydrolysis or through the action
of enzymes (p-glucosidase or emulsion) that can
be found in the seeds.9"13"4 Amygdalin yields glu-
cose, benzaldehyde and cyanide when hydro-
lyzed.'4 The enzymes are not found in mammalian
tissues but have been isolated from the microflora
found in human intestine.' This probably explains
why amygdalin is more than 40 times more toxic
when taken orally than when taken by intravenous
injection.'

Animal poisoning by cyanide-containing fruits
and grasses has long been recognized as a prob-
lem in veterinary medicine.'5 The extent of acci-
dental cyanogenic glycoside poisoning in humans
is not known. However, there have been numerous
reports of cyanide poisoning in humans from
apricot pits.11,14,16 Sayre and Kaymakcalan14 found
that the average cyanide content in the popular
wild apricot seed in Turkey was 217 mg per 100
grams. This is less than half the amount of
cyanide that we found in these bitter almonds.
Cyanide poisoning from bitter almonds has been
reported rarely.'7"18 The cyanide content found in
this case of 6.2 mg per almond is similar to the
4 to 9 mg of cyanide per almond previously
reported.'9

Edwards and Thomas3 reported the case of a
48-year-old chemist who was resuscitated after
being found asystolic following the ingestion of
cyanide. The cyanide level in the blood in this
case of near-lethal ingestion was found to be 380
jug per dl. Recently a patient taking Laetrile ex-
perienced weakness, lightheadedness, palpitations
and headaches after taking twice his usual dose.2u
An unusually high cyanide level of 600 jug per dl
was found in a single blood sample taken from
this patient on an outpatient basis. Unfortunately,
no follow-up data were available. Normal levels
of cyanide in the blood have been reported to be
10 to 20 jug per dl.21 Toxic levels are variable but
are usually considered to be over 100 Mug per dl.
A minimum lethal dose of cyanide has been

estimated at 50 mg22'23 or 0.5 mg per kg of body
weight.24 The calculated lethal dose based on the
weight of the patient in this report would be 30
mg. From the number of almonds she reportedly
ate, it is estimated that she ingested at least 70 to
75 mg of cyanide. The estimated amount of
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cyanide ingested, the high level of cyanide in the
blood, the strongly positive qualitative test on the
gastric aspirate, and the drastic clinical condition
of the patient when she arrived in the emergency
department all strongly support a case of potenti-
ally lethal ingestion. Although the patient had
been taking a cyanide-containing compound spo-
radically over the preceding eight months, her
acute symptoms developed only on the two occa-
sions when she ingested bitter almonds. This indi-
cates acute rather than chronic poisoning.

The mechanism of cyanide poisoning has been
well described.4 Hydrogen cyanide interrupts the
electron transport at the cytochrome a to cyto-
chrome a3 step. The resultant binding of cyanide
to cytochrome oxidase inhibits cellular oxygen
metabolism (histotoxic hypoxia), leading to cell
death.

Treatment aims at decreasing the amount of
cyanide available for cellular binding. Cyanide
is rapidly absorbed from the gastrointestinal
tract. Our patient was initially treated with
both charcoal and phosphate-biphosphate after
gastric lavage. Cyanide is poorly bound by char-
coal, thus prevention of absorption by immediate
gastric lavage or emesis is necessary.25 The po-
tential importance of gastric lavage can be seen
in a report of a fatal case of bitter-almond poison-
ing, in which the stomach contents revealed a
cyanide concentration of 4,380 fLg per dl with
the next highest concentration in the blood (312
lig per dl).'7
Numerous antidotes for cyanide poisoning have

been suggested over the years. In an 1888 report,
Pedigo26 first suggested the potential antagonism
between amyl nitrite and "prussic acid" (hydro-
gen cyanide). He noted that amyl nitrite not only
lengthened the survival period for dogs that had
been given cyanide but also provided some pro-
phylactic effect if administered before a cyanide
injection. Geiger27 later suggested the beneficial
effects of methylene blue in the treatment of
cyanide poisoning. Using dogs, Chen and co-
workers28 compared the antidotal effects of methy-
lene blue, sodium thiosulfate, amyl nitrite, sodium
tetrathionate and sodium nitrite given alone and
in combinations. Chen and his colleagues con-
cluded that "the highest antidotal action is ex-
hibited by the combination of sodium nitrite and
sodium thiosulfate." Chen and Rose10 later re-
ported that 43 of 44 patients were successfully
treated with the combination of sodium nitrite
and sodium thiosulfate. Unfortunately, they did

not measure blood cyanide levels in any of their
work to document the severity of the poisoning
or the efficacy of treatment.

Sodium nitrite initially changes hemoglobin to
methemoglobin, which binds cyanide. Methemo-
globin can also reverse the cyanide inhibition of
cytochrome oxidase activity in vitro by complex-
ing with cyanide to form a cyanomethemoglobin
compound.29 Thiosulfate then combines with the
cyanide-methemoglobin complex and a relatively
nontoxic compound is then formed in the presence
of rhodanese. The use of sodium nitrite is not
without potential toxicity. Berlin30 reported a case
of a 17-month-old child who died as the result
of massive sodium nitrite administration. The child
was given 450 mg of sodium nitrite, producing a
calculated methemoglobin level in excess of 90
percent. Bodansky3l has estimated that blood con-
centrations of less than 30 percent methemoglobin
produce no symptoms and that lethal levels must
exceed 70 percent. Our patient received the rec-
ommended adult dosage of 300 mg of sodium
nitrite. The resulting peak methemoglobin level
of 21 percent was well below the symptomatic
range.

Hydroxycobalamin has also been proposed as
an antidote for cyanide poisoning.32-34 It is thought
to combine with cyanide to form cyanocobalamin
(vitamin B12).32 Several cases of successful clinical
application have been reported.35 It offers the
advantage of little toxicity and may be even more
effective in combination with thiosulfate ther-
apy.36'37 However, hydroxycobalamin is not avail-
able in this country in a concentrated form.38 The
cobalt salts, cobalt chloride and ethylenediamine-
tetraacetate (EDTA), have also been used to form
clinically useful complexes with cyanide, but these
salts are also not available in this country.22'36-38
The importance of general supportive measures

in cyanide poisoning including the administration
of oxygen has been stressed previously.22'39 Max-
well20 has noted recently the lack of pharmaco-
kinetic data after human cyanide poisoning. One
case of cyanide poisoning reported three cyanide
blood levels over a period of 84 hours.2 The first
level was drawn 12 hours after admission. From
these data, we have been able to calculate an esti-
mated cyanide half-life in blood (T½) of 66
hours. Our patient appears to have had an initial
elimination-phase T,, of 2 hours and a terminal
elimination-phase TI,A estimated at 44 hours (see
Figure 1). Our patient rapidly and dramatically
responded to treatment with oxygen, gastric lavage
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and sodium nitrite followed by sodium thiosulfate.
The rapid T½/, of the initial phase corresponded to
the time when blood methemoglobin levels were
also maximum. The sodium nitrite and sodium
thiosulfate treatment may have contributed to this
early rapid fall in cyanide levels. It would appear
that our terminal elimination phase T1½, of 44
hours is similar to the long T½/, calculated from
the cyanide blood levels drawn after 12 hours in
the previous case.2 The exact contribution to the
prolonged terminal phase elimination kinetics of
any delayed absorption of cyanide after distal
intestinal breakdown is unknown.

Conclusion
There does not appear to be an ideal antidote

for cyanide poisoning. This case illustrates the
successful early diagnosis and treatment of a
severe cyanide intoxication associated with lactic
acidosis and permeability pulmonary edema after
the ingestion of a lethal amount of bitter almonds.
Aggressive supportive care and sodium nitrite
followed by sodium thiosulfate was used. This
case also demonstrates the need for frequent blood
cyanide levels to document pharmacokinetics
and any response to treatment. In addition to the
need for further animal studies,5 a multicenter
study is needed to better evaluate the various
cyanide antidote treatments alone and in combina-
tion.
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